The nucleotide sequence of the mRNA encoding the nucleocapsid (N) protein of bovine respiratory syncytial (BRS) virus, strain 391-2, was determined. Recombinant vectors containing a cDNA of the complete N gene were constructed, and expression of the N protein in eukaryotic cells was demonstrated using two different vector systems. The BRS virus N mRNA was 1197 nucleotides in length, exclusive of poly(A), and had a single major open reading frame that encoded a polypeptide of 391 amino acids with a calculated Mr of 42-6K. The nucleotide and amino acid sequences of the BRS virus N gene were compared to those of human respiratory syncytial (HRS) virus strains A2 and 18537, and to BRS virus strain A51908. The level of nucleic acid identity between the N mRNA of BRS virus 391-2 and both HRS virus subtypes was 80 to 81%, whereas the identity between the two BRS virus strains was 97%. A 93 to 94% level of identity was observed between the deduced amino acid sequences of the N protein of BRS virus 391-2 and the corresponding sequences of the two HRS virus strains. The two BRS virus N proteins differed in amino acid sequence at only three positions. Recombinant BRS virus N protein was expressed using two different vector systems: in cells from a plasmid using the vaccinia virus/T7 polymerase expression system or from a recombinant vaccinia virus. N proteins synthesized by the two vector systems migrated with an electrophoretic mobility identical to that of authentic BRS virus N protein, and were precipitated by anti-BRS virus antibodies.
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Bovine respiratory syncytial (BRS) virus is an important cause of serious respiratory illness in the cattle industry (Bohlender et al., 1982; Stott & Taylor, 1985; Stott et al., 1980) . The disease caused in calves is similar in pathogenicity to that caused by human respiratory syncytial (HRS) virus in children. However, the host range of BRS virus differs from that of HRS virus in that the former is narrower. BRS virus, like HRS virus, is an enveloped, single-stranded, negative-sense RNA virus (Lerch et al., 1989) . The BRS virus genome is transcribed to yield 10 mRNAs which code for 10 proteins that correspond closely in size to the HRS virus proteins (Lerch et al., 1989; Cash et al., 1977; Westenbrink et al., 1989) . The BRS virus genes encoding the two major surface glycoproteins, the attachment glycoprotein (G) and the fusion glycoprotein (F), have been sequenced and their protein products expressed from recombinant vaccinia viruses (VVs) (Lerch et al., 1990 (Lerch et al., , 1991 . These recombinant viruses are currently being evaluated for their ability to elicit protective immune responses in cattle. The HRS virus nucleocapsid (N) protein is a I Present address: Institute of Molecular Virology, University of Wisconsin, Madison, Wisconsin 53706, U.S.A. 0001-0692 © 1992 SGM target for cytotoxic T lymphocyte (CTL) responses in humans and in mice, and stimulates a protective immune response in mice (King et al., 1987; Bangham et al., 1986) ; However, recent work has shown differences in the CTL response to individual HRS virus antigens when examined in mice as compared to humans (Askonas et al., 1989) . For this reason, evaluation of the role of individual BRS virus antigens in establishing immune responses in the natural host, cattle, is important both for understanding the role of BRS virus proteins in infection and for evaluating the CTL responses in small animal models as compared to the natural host. To examine the role of the N protein in both humoral and cell-mediated immunity to BRS virus we constructed recombinant eukaryotic expression vectors. The nucleotide sequence of the BRS virus N gene was determined and expression of the N protein in cells was characterized using two types of recombinant expression vectors.
The BRS virus 391-2 strain used in this report was isolated from cattle in North Carolina, U.S.A. during the winter of 1984 to 1985. cDNA clones corresponding to the BRS virus genes were generated and characterized as reported previously (Lerch et al., 1989) . The nucleotide sequence of the N protein mRNA was determined from Fig. 1) . The nucleotide and deduced amino acid sequences of the BRS virus 391-2 strain were compared to other known RS virus N protein nucleotide and amino acid sequences using the University of Wisconsin Genetics Computer Group software package (Devereux et al.,  1984) . The consensus nucleotide sequence, exclusive of the 5'-terminal nucleotide, is shown in Fig. 1 (Samal et al., 1991) .
along with
t Comparison of BRS virus isolate 391-2 and HRS subgroup A virus (A2) .
:~ Comparison of BRS virus isolate 391-2 and HRS subgroup B virus (18537) (Johnson & Collins, 1989) • the sequence for HRS viruses A2 and 18537 (Johnson & Collins, 1989) , and BRS virus A51908 (Samal et al., 1991) .
The BRS virus N mRNA contained 1197 nucleotides, excluding a poly(A) tail. The single major open reading frame started with an initiation codon beginning at nucleotide 16 and extended to a termination codon beginning at nucleotide 1189. The polypeptide encoded by the N mRNA was 391 amino acids in length with a calculated M r of 42.6K which is consistent with the apparent Mr of 43K determined by SDS-PAGE (Cash et al., 1977; Lerch et al., 1989) .
The sequence at the 5' end of the mRNA conformed to the conserved gene start sequence (5 'GGGGCAAAT 3') shared by all but two of the 10 HRS virus mRNAs (Johnson & Collins, 1988 ). The BRS virus N mRNA contained the consensus sequence found at the 3' end of all HRS virus mRNAs [AUU/AA(N)I-4-poly(A)] (Collins et al., 1986) . The BRS virus 391-2 F and G mRNAs also shared these conserved gene start and gene end sequences (Lerch et al., 1990 (Lerch et al., , 1991 .
The nucleotide and deduced amino acid sequences of the BRS virus N gene were compared to those of HRS virus strain A2 (a subgroup A virus) and HRS virus strain 18537 (a subgroup B virus) (Johnson & Collins, 1989) , and to those of another BRS virus, strain A51908 (Samal et al., 1991) (Table 1 ). The level of nucleotide identity between the two HRS virus strains was 80 to 81 ~, which is similar to the level of identity between the HRS virus strains and the two BRS virus strains (80 to 81 ~) (Table 1) . However, the level of identity between the two BRS virus N mRNAs was much higher (97~) indicating that if BRS virus isolates can be divided into subgroups as can HRS virus, then the two BRS virus isolates most probably would be categorized in the same subgroup. The 391-2 virus sequenced here was isolated in North Carolina (Lerch et al., 1989) ; the A51908 virus was isolated in Maryland (Samal et al., 1991). The level of identity between the four different N mRNA sequences that were compared (Fig. 1) is very high, corresponding to previous observations that the N gene is one of the more highly conserved genes of HRS virus (Johnson & Collins, 1989) . Previous sequence comparisons of BRS virus 391-2 F and G mRNAs to the corresponding HRS virus mRNAs demonstrated levels of nucleotide identities of 71 or 72~ between the BRS virus 391-2 F mRNA sequence and the HRS virus 18537 and A2 F mRNA sequences, respectively, and levels of nucleotide identities of 51 or 52~ between the BRS virus 391-2 G mRNA sequence and the HRS virus 18537 and A2 G mRNA sequences (Lerch et al., 1990 (Lerch et al., , 1991 . The deduced amino acid sequence of BRS virus 391-2 N protein was compared to those determined for BRS virus strain A51908 and HRS virus strains A2 and 18537 (Fig. 2, Table 1 ). The single major open reading frame in the strain 391-2 N mRNA predicted a polypeptide of 391 amino acids with an Mr of 42.6K, which corresponds with the amino acid sequences from the predicted N mRNAs of the other three strains of RS virus. The level of identity between the N proteins of the two BRS virus strains was 99 ~o, and the level of identity between the N proteins of the two HRS virus strains was 96~o. Between the BRS virus strains and the HRS virus strains the levels of identity were 93 to 94~. These results again point to the highly conserved nature of this protein. Most of the nucleotide differences observed did not result in amino acid changes. Of interest is the region between amino acids 220 and 371 (Fig. 2) , which shows variation at only two residues. This level of amino acid sequence identity is consistent with the antigenic cross-reactivity observed between the BRS virus and HRS virus N proteins (Lerch et al., 1989) .
To examine the expression of the BRS virus N protein from cloned DNA, clone G33, containing the entire N protein-coding region, was used to produce BRS virus N m R N A for N protein synthesis using the VV/T7 R N A polymerase expression system described by Fuerst et al. (1986) . Clone G 33, containing the N gene downstream of the T7 R N A polymerase promoter in plBI76, was transfected using lipofectin into bovine turbinate (BT) cells that had been infected with the recombinant VV vTF7-3 which expresses T7 polymerase (Fuerst et al., 1986; Pattnaik & Wertz, 1990; Lefkowitz et al., 1990) . Parallel cultures were also infected with BRS virus 391-2 for comparison. After 5 h the transfected cells were labelled with [3H]leucine for 2 h, followed by harvest and immunoprecipitation of proteins using M117PO3 (anti-BRS virus calf serum) as previously described (Lerch et al., 1989; Wertz et al., 1985) . Proteins from the BRS virus strain 391-2-infected cells were harvested at 25 h postinfection. Proteins were analysed by S D S -P A G E (Laemmli, 1970) and detected by fluorography (Chamberlain, 1979) (Fig. 3) . As shown in Fig. 3 , the expression of this clone produced a protein having an electrophoretic mobility of approximately 42K that was immunoprecipitated by anti-BRS virus serum and that comigrated with the BRS virus N protein from 391-2 virus-infected cells (Fig. 3, lane 3) , confirming that clone G33 contained a complete copy of the BRS virus 391-2 N mRNA.
A VV recombinant expressing BRS virus N protein was constructed also in order to examine the immune response to the BRS virus N protein in animals. This was done by first placing clone G33 into the unique SmaI site of the VV plasmid vector, pAB 191 (Stott et al., 1986) which contains the VV 7.5K promoter inserted in the thymidine kinase (tk) gene. The orientation of G33 was determined by restriction enzyme digestion. The N gene and associated 7.5K promoter were transferred into the tk gene of the Copenhagen strain of VV by homologous recombination. Recombinant viruses (tk-) were selected by three rounds of plaque purification in medium containing 5-bromo-2'-deoxyuridine and their identity was confirmed by hybridization of recombinant virus D N A with a probe specific for the BRS virus N gene (Lerch et al., 1990 (Lerch et al., , 1991 . Expression of the N protein from the recombinant virus designated VVNbov was compared with that of N protein synthesized in BRS virus-infected BT cells and cells infected with wild-type Copenhagen VV. The infected cells were labelled with [35S]methionine for 2 h after which the proteins were harvested, immunoprecipitated and analysed by SDS-P A G E as described previously (Lerch et al., 1989) , except that the immunoprecipitations were done with a mixture of two monoclonal antibodies, MAB 7 and MAB 15, to the HRS virus N protein. In Fig. 4 , lanes 1 and 2 show uninfected and BRS virus 391-2-infected cells, respectively, and lane 3 shows that infection with the VV N recombinant yields the expression of a protein with an electrophoretic mobility identical to BRS virus N protein. No protein of this mobility was immunoprecipitated from the mock-infected or VV-infected controls (Fig. 4, lanes 1 and 4) . However, the level of expression of the recombinant protein was reduced in comparison to that synthesized in the BRS virus 391-2-infected cells and in comparison to other recombinant VV vectors expressing BRS virus proteins (Lerch et al., 1990 (Lerch et al., , 1991 . This result may be explained by the presence of a consensus VV transcription termination signal, TTTTTAT (Rohrmann et al., 1986) , located at position 911 of the BRS virus N mRNA sequence. The production of less than full-length recombinant N gene transcripts would result in less N protein synthesized per infected cell. A similar termination signal was observed in the HRS virus A2 NmRNA sequence, which resulted in the expression of truncated recombinant N mRNA (King et al., 1987) . This recombinant VV expressing the N protein of BRS virus 391-2 will be used to study the role of BRS virus N protein in eliciting a protective immune response against BRS virus challenge in cattle.
